The ASACUSA collaboration at CERN-AD has recently submitted a proposal to measure the hyperfine splitting of the ground state of antihydrogen in an atomic beam line. The spectrometer will consist of two sextupoles for spin selection and analysis, and a microwave cavity to flip the spin of the antihydrogen atoms. Numerical simulations show that such an experiment is feasible if ∼200 antihydrogen atoms per second can be produced in the ground state, and that an accuracy of better than 10 −7 can be reached. This measurement will be a precise test of the CPT invariance.
Introduction
The antihydrogen atom (H), which consists of an antiproton (p) and a positron, is the antimatter counterpart of hydrogen. Since it is the simplest neutral antimatter atom, it can be used to test the Charge-Parity-Time reversal (CPT) invariance. The 1s ground state of hydrogen (antihydrogen) is split due to the interaction between the electron (positron) spin and the proton (antiproton) spin, and can have quantum numbers F = 0, 1 (total spin), and M = {0}, {−1, 0, 1} (projection of F). The states with quantum numbers F = 0 (singlet state) and F = 1 (triplet state) have different energies even at zero external magnetic field. The splitting frequency ν HF in hydrogen (antihydrogen) is proportional in the leading order to the proton (antiproton) spin magnetic moment:
The antiproton spin magnetic moment μp is known to a precision of only 0.3%, therefore a measurement of ν HF for antihydrogen (which has never been done before) with a precision of only 10 −6 can already lead to an improvement of the value of μp by three orders of magnitude.
In the recent years, the group of V.A. Kostelecký has developed an extension of the standard model of elementary particles that includes both CPT violating and Lorentz invariance violating terms in the Lagrangian of the quantum field theory [1]. The parameters introduced by the theory are not dimensionless; instead, they have a dimension of energy (or frequency). Thus it follows from this theory that it is not the relative but the absolute precision of an experiment that matters when one is comparing matter and antimatter systems for CPT tests. Therefore the H GS-HFS measurement can be competitive with the oft-quoted 'most sensitive CPT limit' of
. This is because the K 0 − K 0 measurement corresponds to only ∼100 kHz on the absolute scale, while the H GS-HFS measurement with a relative precision of only 10 −6 would have an absolute precision of 1.42 GHz ×10 −6 = 1.42 kHz.
Proposed experimental method
The most precise measurements on the ground-state hyperfine levels of hydrogen have been carried out with hydrogen masers. Such masers can keep the hydrogen atoms in the radiofrequency field for long enough time for precise spectroscopy, as the experimental resolution is inversely proportional to the interaction time with the field. Unfortunately, similar measurements with antihydrogen would require a maser cavity covered with antimatter coating, which is clearly impossible. Antihydrogen atoms could be kept in the RF field by a confining magnetic field. However, the required fields would be too strong and would shift the energy levels too much.
Thus the ASACUSA collaboration at CERN's Antiproton Decelerator (AD) plans to use a method [3] similar to classical atomic beam (Stern-Gerlach type) experiments to measure the H GS-HFS. This method has the advantage that it can work
